Introduction: Subclinical brain damage in essential hypertension is more prevalent than cardiovascular or renal impairment; nevertheless, screening for nervous system involvement is difficult due to the low accessibility and high costs of these techniques. Objective: To assess the frequency of silent target organ damage in a cohort of asymptomatic hypertensive patients and to evaluate the potential usefulness of carotid ultrasonographic (US) variables as predictors of subclinical brain damage. Patients and Methods: Thirty four neurologically asymptomatic subjects (mean age 59 years) with essential hypertension were included. Target organ damage was evaluated: degree of hypertensive retinopathy, heart, kidney and brain. Structural and hemodynamical carotid Doppler US parameters were also investigated. Results: The brain was the most frequently affected target organ (70.6%), followed by the heart (67.9%) and kidney (58.6%). Carotid US parameters showed no association of intima media thickness with brain MRI results; nevertheless, decreased diastolic flow velocity and increased resistive index pointed to a resistive carotid flow pattern in patients with classical brain MRI lesions and predicted subclinical lesions with a sensitivity of 70% and 74% and a specificity of 72% and 80% respectively. Conclusions: This study supports previous findings that place the brain as the most frequently affected target organ in essential hypertensive patients and sheds more light on the potential usefulness of carotid structure and hemodynamics as imaging biomarkers of subclinical brain lesions.
Introduction
Hypertension (HT) is the most common health condition affecting adult individuals in populations throughout the world. Currently a billion persons have hypertension [1] - [3] . It represents in itself a disease, as well as a risk factor for other diseases. Chronic hypertension affects vascular systems of various organs, especially the heart, brain, kidney and retina [2] [3] . The brain is one of the target organs which is frequently affected by high blood pressure (HBP), and constitutes the major modifiable risk factor for ischemic and hemorrhagic stroke, as well as small-vessel disease. It has been reported to predispose the development of white matter hyperintensities (WMH), lacunar infarction and microbleedings which are mostly silent, and has been linked to the occurrence of vascular dementia and other malfunctions of the central nervous system [1] [2] [4] [5] . Currently, HT guidelines recognize the heart and kidneys as the main target organs affected by high blood pressure [3] . However, Henskens et al. showed that silent cerebrovascular damage is more common in hypertensive subjects than cardiorrenal impairment [6] . Likewise, the European Guidelines for the Management of Hypertension reported that silent brain lesions were more frequent than subclinical cardiac and renal damage [2] . The evaluation of the consequences of HT on the heart and kidneys has become a routine clinical practice for years. However, methods for demonstrating asymptomatic neurological damage by HT are still sought, as there are no accessible and cost effective evaluation techniques to assess the damage.
The suggested underlying mechanism linking elevated blood pressure levels with WMH includes hypertension-induced structural vessel changes in microcirculation such as lipohyalinosis and fibrinoid degeneration [7] . Also high blood flow affecting macrocirculation causes arterial remodeling and atheromatosis [8] . Changes in macrocirculation can be assessed by high-resolution B-mode ultrasonography. Limited studies have evaluated the relation between WMHs on brain MRI and ultrasound assessments of structural macrocirculation-vessel changes with partly conflicting findings [9] - [12] . Due to the high cost and low availability of MRI studies, the use of carotid Doppler as a potential marker of asymptomatic cerebral damage remains a very attractive option. The aim of this investigation was to assess the frequency of silent target organ damage in a cohort of asymptomatic hypertensive patients and to evaluate the potential usefulness of carotid ultrasonographic variables as predictors of target organ damage.
Patients and Methods
Hypertensive patients were referred by physicians to the Neurology and Neurosurgery Institute from January 2012 to June 2013 for evaluation of the degree of retinopathy. Confirmation of the status of each patient was performed by a neurologist and an ophthalmologist, considering the Seventh Report on Prevention, Detection, Evaluation, and Treatment of HTA [13] . Systolic and diastolic blood pressure (SBP and DBP respectively) were measured in all subjects in the right arm with an aneroid sphygmomanometer, in a sitting position and after a resting period of 5 minutes. They underwent an ophthalmological examination to establish signs of hypertensive retinopathy, classified according to Scheie [14] . Inclusion criteria were: men and women aged 40 to 75 years with a history of essential hypertension, and without neurological brain disease. Exclusion criteria were: secondary causes of HT, carotid stenosis > 70%, previous cerebrovascular disease or other neurological diseases.
All hypertensive patients collected a urine sample for semiquantitative determination of microalbuminuria (μalb), employing the Microalb-Látex (HELFA Diagnostics) method. The presence of μalb was established when concentrations > 0.02 g/L were detected. The Cockroft-Gault formula was employed to estimate creatinine clearance [15] and glomerular filtration rates (DGFR) were considered decreased when values < 70 mL/min were encountered.
Brain MRI study was performed with a Siemens (MAGNETOM Concerto) 0.2 Tesla open permanent magnet scanner. All scans were controlled and stored in the image analysis center of the Central Clinic "Cira Garcia" in Havana. Brain MRI changes-white matter hyperintensities (WMH), lacunar infarcts (LI) and dilated VirchowRobin spaces (>2 mm) were classified in increasing severity as detailed in a previous work [16] . Cerebral atro-phy (Yes or No) was also evaluated. The lesions found on MRI were also classified as classical or non-classical. Lesions were considered classical when lacunar infarcts and/or white matter hyperintensities were present; and non-classical when there were only dilated Virchow-Robin spaces (DVRS) and/or brain atrophy (A). All MRI scans were evaluated by the same investigator (LQS) who was blinded to the ultrasound parameters and clinical variables of the study population.
The echocardiographic study was performed with a conventional M-mode echocardiograph (PROSOUND ALOKA Alpha model 10). Thickness of the interventricular septum (IVS) and the rear wall (RW) were measured. Reference values were: IVS < 11 mm and RW < 7 mm -11 mm. Diastolic dysfunction was recorded as Yes or No.
The presence of target organ damage (Yes or No) was evaluated as follows: Brain: Presence of classic lesions (LI and/or WMH) on brain MRI. Heart: Presence of diastolic dysfunction and/or IVS and/or RW hypertrophy by echocardiography. Kidney: Presence of µalb and/or decreased glomerular filtration rate.
Neurosonology Protocol. An experienced neurosonology investigator (ZHD), blinded to clinical and MRI data, performed the ultrasound investigations within one month after MRI. Carotid ultrasound scanning was performed using an ALOKA brand PROSOUND alpha model 10 scanner equipped with a 7.5 -13 MHz linear transducer, placed on each side of the patient's neck, after application of gel transmitter. The scan was performed in a room with the necessary hygienic conditions and dim light for adequate appreciation of details. The patient was placed supine on a stretcher; his neck slightly extended and rotated with both arms close to the body, in order to obtain maximum descent of the shoulders. The same scanning sequence of the carotid axis was always followed to avoid confusion and mistakes. The following indicators were measured:
• Intima-Media thickness (IMT): Measurements were made bilaterally at the level of the common carotid artery (CCA), 1 cm from the bulb at the end of diastole.
• Peak systolic and diastolic velocities and mean velocity of flow at the internal carotid artery (PSV, PDV and MVF respectively).
• Resistance and pulsatility indexes (RI and PI respectively).
Statistical Analyses
Frequencies of demographic and clinical variables were calculated and continuous variables were tested for normal distribution using Kolmogorov-Smirnov test. Associations between categories of variables were measured by the χ 2 test. Differences between groups for continuous variables were assayed employing the MannWhitney U test or Kruskall-Wallis tests. Statistical calculations were performed with Statistica 8.0 for Windows (StatsoftInc, 2010). Statistical significance was achieved if p < 0.05 (two-sided p values).
Ethical Procedures
The research was approved by the Ethics Committee of the Neurology and Neurosurgery Institute, and conducted according to the provisions of the latest version of the Declaration of Helsinki. The purposes of the research were explained to all patients who agreed to participate in the study and signed informed consent.
Results

Characteristics of Hypertensive Patients and Target Organ Damage by Hypertension
The mean age of the 34 patients was 59 years (40 -70 years); 22 were female (64.7%), 22 (64.7%) were of white ethnic origin and 12 (35.8%) were black ethnic or mixed. Means (± SD) for SBP and DBP were 141.8 ± 17.9 mmHg and 93.5 ± 11.7 mmHg respectively. The duration of hypertension (mean ± SD) was 15.4 ± 10.4 years (2 -50 years); 33% suffered from hypertension for less than 10 years and 94.1% were subjected to some scheme of antihypertensive medication. The classification of patients according to BP and grade of retinopathy are shown in Table 1 . An association between BP group and grade of retinopathy was observed (χ 2 = 21.8; p = 0.0092).
The results of brain MRI studies are summarized in Table 2 . Hyperintensities were found in 23 patients (67.6%), whereas 11 subjects showed no hyperintense lesions. Grade I hyperintensities were observed in 8 patients, grade II in 10 and only 5 were classified as grade III. The presence of lacunar infarctions, dilated Virchow-Robin spaces and atrophy were detected in 6 (17.6%), 17 (50.0%) and 16 (47.1%) patients respectively. The final classification of patients according to brain MRI findings showed that only 4 patients (11.8%) were free of lesions, 6 (17.6%) classified as non-classical and 24 patients (70.6%) had classical lesions.
Patients with no lesions and with non-classical lesions were grouped and compared to patients with classical lesions according to duration of hypertension in years and SBP respectively (Figure 1) . It can be observed that the presence of classical lesions on MRI was associated with a longer duration of hypertension and higher values of SBP. Table 3 shows the effect of essential HT on the different vascular beds in patients enrolled in the study. Heart and kidney were assessed in 28 and 29 hypertensive patients respectively, of whom 67.9% had some type of damage to the heart and 58.6% had some type of renal damage. Classical brain lesions were the most frequent (70.6%), thus establishing that brain was the most frequently damaged organ in the group of hypertensive patients studied.
The complete assessment of the 3 systems (heart, kidney and brain) was achieved in 27 hypertensive subjects. Figure 2 shows the percentage of patients according to the affected target organs as a consequence of hypertension. Damage to the 3 vascular beds was found in 31% of all hypertensive subjects; the combinations brain-heart and brain-kidney followed in frequency (23.1% each), and 11.5% of the subjects had brain damage without cardiorrenal impairment. Of the 22 subjects with cardiorrenal damage, 91% showed some brain impairment, while 4 patients without cardiorrenal impairment already had brain lesions.
Carotid Doppler Findings and Target Organ Damage
Classical lesions (LI and/or WMH) on brain MRI were associated with a more resistive carotid flow pattern, ie increased vascular resistance index (RI) and decreased peak diastolic velocity (PDV) (Figure 3) . Pulsatility in-dex, peak systolic velocity and intimal thickening were not related to brain injuries (data not shown).
Heart and kidney damage were not associated with any of the Doppler ultrasound parameters explored. As resistance index and peak diastolic velocity were associated with the presence of classical lesions, ROC curves were calculated (Figure 4) . ROC analysis showed that a cutoff value of 0.61 in RI predicted the appearance of classical lesions (WMH and/or LI) with a sensitivity of 74% and a specificity of 80%. On the other hand, PDV values below 20.6 predicted classical lesions with a sensitivity and specificity of 70% and 72% respectively. 
Discussion
The present cross-sectional study in a cohort of 34 hypertensive patients (mean age 59 years) showed that the most frequently affected target organ was the brain, as 70.6% had classical brain MRI lesions (associated with the years of hypertension and SBP); while cardiac and renal involvement was seen in 67.9% and 58.6% respectively. Damage to the three target organs was found in 31% of patients and of the 22 subjects with cardio-renal involvement, 91% had classical brain MRI lesions. Carotid ultrasound parameters and cardiorrenal variables explored were not associated; nevertheless, decreased peak diastolic velocity and increased resistive index predicted classic brain MRI lesions with a sensitivity of 70% and 74% and a specificity of 72% and 80% respectively. Other authors have reported the brain as the most frequently affected organ, when compared with the heart and kidney [17] - [19] . While the entire vasculature is exposed to the action of HT, the particular effects on small vessels is crucial in the severity of damage to cerebral structures [20] [21] . In the ARIC study (Atherosclerosis Risk in Communities Study), conducted in 940 hypertensive subjects aged 55 -72 years, the prevalence of WMH was 85.0% [21] , while in the Cardiovascular Health Study, conducted in 1452 hypertensive subjects WMH prevalence was 87.0% [22] . Van Boxtel et al. reported WMH in 65% of hypertensive patients with a mean age of 57.4 years [23] ; while Henskens et al., observed that 44% of hypertensive patients, with a lower mean age (51.6 years) had brain injuries [6] .
Interestingly, in the two cohorts studied in Cuba there was a low percentage of hypertensive patients totally free of lesions in the brain MRI: 26% in the study of Hernández et al. [18] and 11.8% in ours. The most striking difference was seen in the distribution of patients according to the presence of classical or non-classical lesions. Hernández [18] detected 38% and 36% of patients with classical and non-classical lesions respectively, whereas in the present study a predominance of classical lesions (70.6%) with respect to non classical (17.6%) was found. This could be explained by the considerably lower average age of their cohort (44 years) regarding ours.
Considering our results and the aforementioned reports, it can be concluded that the frequency of WMH is high among hypertensive patients, and that it may vary depending on the average age of the study group. The frequency of WMH increases with aging and years of hypertension [24] but it must be taken into account that the way lesions are classified can also influence the results. For example, Henskens et al. [25] classified grade I WMH (according to Fazeka's scale) as non-classical lesions.
From the moment that an individual is exposed to a risk factor to the onset of its clinical consequences there is a period of asymptomatic structural damage. In the case of HT those tests considered "early markers of injury" are actually delayed, as major structural alterations in different organs have been reported as we have previously documented. HT Clinical Guidelines routinely recommend on identifying early damage of the heart or kidney; nevertheless, the routine examination for asymptomatic lesions of the CNS is seldom suggested due to the high cost it implies.
In our study two carotid ultrasound parameters of macrocirculation (PDV and RI) were associated with the extent of structural changes in microcirculation as reflected by WMH burden in a sample of hypertensive indi-viduals without prior history of neurological impairment. Both parameters denote early changes in blood flow: increased resistive index and decreased diastolic velocity, indicating a resistive carotid flow pattern in hypertensive patients with classical brain MRI lesions.
There are very few studies correlating structural and hemodynamic carotid US parameters with the extent of brain MRI lesions in otherwise asymptomatic hypertensive patients, and the results are controversial. The most frequently tested variable has been IMT, which was found increased in association to brain MRI lesions [9] [18] [26] . Nevertheless, this association was not encountered very recently by Heliopoulos et al. in a sample of 52 hypertensive patients (mean age 71.4 years), nor in the present study. The lack of association of carotid IMT has been argued as it being a marker of large-vessel rather than small-vessel disease damage [27] .
On the other hand, hemodynamic parameters were reported in two studies as not being associated with the severity of brain lesions [26] [27]; although while in the present cohort we found that pulsatility index and diastolic flow velocity measures pointed to a resistive carotid flow pattern in this group of hypertensive patients. Nevertheless, the discrepant results across different studies could be related to sample size. Although the French study was conducted in 198 individuals [9] , the rest varied from 34 (in this study) to 52 [18] [26] [27] , thus a type II error cannot be ruled out. Other issues to consider are differences in demographic characteristics, specifically considering mean age (44 -69.3 years) and ethnic origin: Caucasians and Asians [9] [26] [27] and AfroCaucasians in this study and in Hernández et al. [18] . An important concern is related to the criteria employed for patient inclusion, which also varied: all patients with subjective memory complaints [9] , all patients were hospitalized and antihypertensive medication was discontinued [26] , all patients had WMH in brain MRI, hypertensive patients included from a community study [18] . Finally, different equipment and methodology for structural and hemodynamic measurements also have to be considered.
Our study has two main limitations: First, its cross-sectional design does not allow inferring a cause-effect relationship between brain MRI findings and carotid US variables, and furthermore, the sample size was relatively small, although strict inclusion criteria were applied to avoid including subjects with known underlying diseases which could bias results.
In the present study the carotid US parameters pulsatility index and peak diastolic velocity exhibited relatively good sensitivities and specificities (above 70%) for the prediction of silent brain lesions in this group of patients. These results establish more grounds in the search of relatively simple, low cost techniques for the prediction of subclinical brain damage in essential hypertension.
Conclusion
In conclusion, this study supports previous findings that place the brain as the most frequently affected target organ in essential hypertensive patients and sheds more light on the potential usefulness of carotid structure and hemodynamics as imaging biomarkers of subclinical brain lesions. Further observational studies with larger and more homogenous cohorts are needed to determine specifically which extracranial carotid US parameters could be the most adequate ones.
